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Abstract. The mineral content and heavy metals contamination was studied by ICP-MS 
analyses for the main milk and yogurt types from Bucharest market. The cadmium concentration was 
found to vary between 5 ppb to 38 ppb.  The data obtained are useful in the estimation of the total 
heavy metals intake from diary produces such as milk and yogurt as well as for the estimation of feed 
heavy metals contamination. 
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INTRODUCTION 
 
Milk and yogurt represents some of the major foods as they contain the main minerals 
with major implication for nutrition. In 100 g of milk the total Ca concentration may vary  in 
the range of 110 mg to 120 mg while the total Mg concentration varies in the range of 11mg – 
13 mg, potassium total concentration in the range of 112 mg -172 mg, phosphorus total 
concentration the range of  78 mg -105 mg and chlorine total concentration in the range of 83 
mg - 130 mg (Dobrzañski Z. et al, 2005). Minerals such as Fe (57-70 µg/100g milk total 
concentration), iodine (15-17 µg/100g milk total concentration), Co (0.5-1 µg/100g milk total 
concentration), Mn (5-7 µg/100g milk total concentration), Cu (10-12 µg/100g milk total 
concentration) are also present in milk. Sometimes heavy metals such as Cd, Pb, Hg, Ni, Cr, 
Al may be present in these products too. While Cd and Pb may occur naturally due to 
ingestion during grazing or feeding (Tudoreanu and Phillips, 2007), other heavy metals such 
as Al may be present in diary produces due to processing (EFSA Journal, 2008). Large 
surveys of mineral content including potentially harmful heavy metals in diary products will 
help in estimating on one hand the level of nutritional value of these produces and on the 
other hand the total heavy metals intake of targeted populations.  
 
MATERIALS AND METHODS 
 
The 24 milk type of 0,1%, 1,5% and 3,5% fat and nine yogurt types (0,1% fat) were 
bought from the local supermarkets, all of them from different producers.  
An aliquot of 2 g of each sample was digested in a microwave oven according to the 
procedure of Norbrega et al (2007). 
A Thermo XS series 2 ICP-MS spectrometer was used for the total concentration 
analyses. Operating conditions for Thermo XS series 2 ICP-MS: 
Sample uptake 40s  
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Washout 60s 
Runs 3 
Sample uptake: 0.7 l/min 
Sampling depth 15mm 
Sampler 1.0mm, Ni 
Skimmer 0.4, Ni 
Internal standard 103Rh 
Neb. 1.9 bar  
Spike recoveries from 80% to 110% 
All operating conditions were optimized to yield the highest signal/ background ratio 
for 9Be, 115In, 230U, 556Fe, 209Bi, 140Ce, 156 CeO, 75As, 27Al 
Prior to analysis each sample was spiked with the internal standard (Rh). The dilution 
factor for each sample is 10.   
All elements were determined against external calibration using synthetic standard 
acid multielemental standard (MERCK ICP-MS standard of 24 elements). Four standards 
were prepared by dilution containing 1 ppb, 10 ppb, 100 ppb and 1000 ppb of the 24 
elements. The accuracy of the calibration was assessed by using reference materials such as 
NIST SRM 1546 and SRM1577b. 
 
RESULTS AND DISCUSSIONS 
 
Mean values and standard de variations for three samples of each milk and yogurt type 
are presented in table 1 and 3 respectively.  
 In the case of selenium, the maximum level of this element was registered to L5 
sample, which had a value of 9.426 ppb, and the minimum level of selenium was 4.580 ppb in 
sample L15. 
The content of selenium in cow's milk in some European countries and not only varies 
from 1.0 - 14 mg/l, 10-15 mg/l in some parts of England and up to 20-21 mg/l in the U.S. In a 
report published in 1987, WHO summarized the global selenium levels in different categories 
of farm food products including milk, and the results were that the level was <0.1 to 0.3 mg/g. 
Global variations due to the presence of this element in soil that were grazed animals, so it 
was estimated worldwide an average concentration of selenium in milk of 14.80 mg/l. 
 
 327 
 Tab. 1.  
Milk total concentrations and standard deviations for each investigated elements’ concentration is noted in the ‘s’ 
rows. 
Milk 
type 
Mg 
ppb 
Cr 
ppb 
Mn 
ppb 
Co 
ppb 
Ni 
ppb 
Cu 
ppb 
Zn 
ppb 
Se 
ppb 
Sr 
ppb 
Cd 
ppb 
Pb 
ppb 
L1 3249 8.795 14.84 0.568 5.89 24.14 148.3 6.598 18.41 9.63 84.7 
s 114 0.329 0.277 0.046 0.075 0.602 4.187 0.698 1.244 0.61 1.576 
L2 4317 7.984 10.36 0.344 9.813 16.42 302.8 6.204 18.52 2.771 44.59 
s 84.29 0.217 0.131 0.011 0.203 0.403 6.772 0.27 0.787 0.317 1.132 
L3 4804 8.643 11.59 0.455 10.53 27.73 204.8 5.734 36.36 14.2 34.22 
s 74.04 0.278 0.431 0.009 0.418 0.77 5.392 0.824 1.246 0.644 0.822 
L4 3342 17.34 16.62 0.962 14.8 22.44 294.3 5.691 125.1 20.64 60.11 
s 231.5 1.049 1.187 0.057 0.928 1.564 19.33 0.441 10.35 1.98 4.021 
L5 3121 14.85 25.24 1.002 14.04 33.89 301.7 9.426 22.71 14.49 140.6 
s 43.57 0.308 0.354 0.01 0.17 0.242 5.144 0.262 1.23 1.295 1.915 
L6 4260 23.88 13.24 0.732 23.68 28.62 165 6.076 21.88 22.29 27 
s 179.9 0.998 0.428 0.061 1.129 1.003 7.697 0.365 1.845 0.876 1.169 
L7 3932 20.61 17.2 0.729 37.79 24.09 222.1 5.24 9.643 21.52 62.53 
s 314.1 1.01 1.193 0.079 1.69 1.45 11.53 0.802 1.748 1.712 3.643 
L8 1327 21.47 17.06 0.962 36.28 54.35 279 5.5 26.2 10.01 91.93 
s 374.2 0.304 0.341 0.008 1.064 1.187 5.806 0.467 1.129 0.412 2.375 
L9 3706 18.75 19.57 0.766 18.85 25.91 442.8 6.159 26.43 7.571 57.78 
s 89.24 0.314 0.568 0.014 0.521 0.492 10.26 0.457 1.375 0.349 1.579 
L10 1409 17.58 10.21 0.479 39.87 12.6 244.6 5.118 37.35 8.233 27.47 
s 47.6 0.509 0.583 0.033 1.006 0.334 7.793 0.683 1.843 0.243 0.788 
L11 4219 24.16 13.59 0.904 35.04 24.5 243.9 5.592 17.42 16.42 43.28 
s 120.1 0.403 0.341 0.053 0.685 0.588 5.469 0.294 0.943 0.43 1.241 
L12 4266 17.65 14.18 1.028 13.02 27.66 242.9 5.749 31.04 18.33 35.94 
s 173.5 0.763 0.527 0.02 0.529 1.075 8.573 0.615 2 1.122 1.258 
L13 2875 19.5 11.57 0.626 35.15 12.79 211.2 5.31 32.5 24.18 67.14 
s 238.7 0.829 0.631 0.024 1.81 0.763 11.35 0.338 2.849 1.215 3.795 
L14 4467 18.79 11.86 0.823 24.37 18.6 213.1 6.658 14.45 6.214 16.4 
s 114.2 0.459 0.242 0.037 0.707 0.397 6.82 0.569 1 0.159 0.529 
L15 4143 16.56 11.65 0.764 48.43 529.8 934.3 4.58 37.2 11.38 172.6 
s 139.5 0.456 0.23 0.023 1.17 14.94 25.68 0.533 1.589 0.25 4.312 
L16 5326 26.27 10.57 0.641 23.42 19.23 232 7.81 22.89 34.22 18.65 
s 240.4 0.986 0.588 0.027 0.939 0.497 8.889 0.639 1.749 1.604 0.872 
L17 1585 24.89 31.18 1.034 25.52 44.19 247.8 5.198 31.73 17.93 61.68 
s 19.36 0.075 0.316 0.038 0.68 0.774 3.751 0.387 0.804 0.378 0.88 
L18 4117 35.78 16.52 1.046 12.31 177.1 308.7 5.327 14.69 9.092 40.91 
s 178.4 1.371 0.697 0.071 1.127 8.762 12.77 0.21 1.418 0.797 1.388 
L19 4292 17.51 13.69 0.877 16.6 185.8 334 5.975 19.87 6.426 23.76 
s 201.1 0.758 0.493 0.059 0.857 8.555 13.06 0.836 1.418 0.352 0.754 
L20 4132 20.02 15.29 1.325 15.19 105.7 259.3 6.331 27.47 5.623 56.72 
s 143.1 0.672 0.592 0.095 0.397 3.339 9.577 0.934 1.778 0.485 2.069 
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Tab. 1 (continuation).  
Milk total concentrations and standard deviations for each investigated elements’ concentration is noted in 
the ‘s’ rows. 
 
Milk 
type 
Mg 
ppb 
Cr 
ppb 
Mn 
ppb 
Co 
ppb 
Ni 
ppb 
Cu 
ppb 
Zn 
ppb 
Se 
ppb 
Sr 
ppb 
Cd 
ppb 
Pb 
ppb 
L21 4506 19.85 8.127 0.431 30.11 19.52 233 6.592 8.918 4.581 23.64 
s 109.4 0.383 0.089 0.035 0.95 0.493 4.611 0.146 0.602 0.141 0.525 
L22 3874 16.53 4.641 0.456 10.71 9.426 147.9 4.786 8.229 7.423 13.03 
s 103.2 0.451 0.06 0.276 0.231 0.314 4.153 0.423 0.631 0.24 0.351 
L23 4190 15.2 3.722 0.265 10.21 12.7 169.1 4.833 7.903 26.96 5.769 
s 194.4 0.653 0.197 0.038 0.338 0.581 7.406 0.424 1.202 1.501 0.298 
L24 3235 15.11 3.558 0.253 13.91 57.45 124 4.593 udl 7.554 8.121 
s 57.9 0.124 0.013 0.011 0.322 0.688 1.796 0.221 0.335 0.327 0.1 
 
 
Tab.  2.   
Comparisons for all mean pairs for the elements analyzed in milk samples using Tukey-Kramer HSD. 
Levels not connected by same letter are significantly different (α = 0.05) 
 
Milk 
type Mg Cr Mn Co Ni Cu Zn Se Sr Cd Pb 
L1  HI  J  FG   M  GHI  JK  BC  FGH  IJ D 
L2  BCDE  J  I  BCD  L  HIJ  CD  BCDE  EFGH  N G 
L3 A B  J  HI  I  KL  GH  I  CDE  B  GH  I 
L4  GHI  GH  DE GHI  HI  HIJ  D  CDE A  DE F 
L5  I  I  B  BC  HIJ  FG  D A  DEFG  FG B 
L6  CDE  C  GH  B  F  GH  J  CDE  DEFGH CD   J 
L7  DEF  DE  D  DEF  BC  GHI  GHI  CDE  HIJ  CD E 
L8  J  D  D  DEF  CD  DE  DE  CDE  CDEF  IJ  C 
L9  FGH  EFG  C  BC  G  GH  B  BCDE  CDE  JKL F 
L10  J  FGH  I  GH  B  IJ  FGH  CDE  B  JKL  J 
L11  CDEF  C  G  GHI  D  GHI  FGH  CDE  GHI FG G 
L12  BCDE  FGH  FG  BCD  IJK  GH  FGH  CDE  BC  EF  H I 
L13  I  DEF  I  B  CD  IJ  I  CDE  B C B C E 
L14  BCD  EFG  HI  EFG  F  HIJ HI   BC  HIJ  LM  L 
L15  CDEF  HI  HI  BCDE A A A  E  B  HI A 
L16 A  B  I  CDEF  F  HIJ  FGHI A  DEFG A  KL 
L17  J  BC A  EFG  F  EF  EFG  CDE  BC  EF E 
L18  CDER A  DE  B  JKL  B  CD  CDE  HIJ  IJK G H 
L19  BCDE  FGH  FG  B  GH  B  C  CDE  DEFGH  KLM  J K 
L20  CDEF  DE  EF  HI  HI  C  EF  BCD  CD  LM F 
L21  BC  DE  J A  E  HIJ  FGH  BC  J  MN  J K 
L22  EFG  HI  K  GHI  KL  J  JK  DE  J  KLM  LM 
L23  CDEF  I  K  GHI  L  IJ  J  DE  J B  N 
L24  HI  I  K  HI  HIJ  D  K  E  K  JKLM  MN 
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Fig. 1. Cd and Pb total concentrations (ppb) in the milk samples 
 
As can be seen, in this study, the maximum level of Cd was 34.22 ppb, and the Pb level of 
146 ppb.  
In the case of Cd maximum intake limit is 26 ppb, and in this study two of the analyzed 
samples exceeded this limit – L23 sample with 26.96 ppb, and L16 sample with 34.22 ppb.  
In the case of lead, the maximum accepted limits is 50 ppb, and in this study ten of the 24 
samples analyzed exceeded this value, namely L1 with 84.7 ppb, L4 with 60.11 ppb, L7 with 
62.53 ppb, L8 with 91.93 ppb, L9 with 57.78 ppb, L13 with 67.14 ppb, L15 with 164 ppm, L17 
with 61.68 ppb, L20 with 56.72 ppb and L5 with 140.6 ppb. 
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Tab. 3 .  
Yogurt (0.1% fat) mineral content 
 
Yogurt 
type/standard 
deviation 
7Li 
ppb 
24Mg 
ppb 
27Al 
ppb 
52Cr 
ppb 
55Mn 
ppb 
56Fe  
ppb 
59Co 
ppb 
60Ni  
ppb 
65Cu 
ppb 
66Zn 
ppb 
78Se 
ppb 
88Sr 
ppb 
114Cd 
ppb 
208Pb 
ppb 
X1 8.07 7556.00 497.40 10.23 20.85 434.40 2.43 16.03 75.14 1253.00 33.27 83.71 14.77 41.92 
sX1 0.45 298.80 13.68 0.51 0.98 17.81 0.13 0.47 3.45 68.15 4.16 4.79 0.63 2.21 
X2 8.44 5050.00 542.60 11.68 18.29 1746.00 1.91 13.20 1727.00 571.70 24.78 39.78 9.47 96.75 
sX2 0.24 74.78 11.85 0.11 0.51 38.26 0.11 0.18 28.20 8.61 0.97 1.36 0.33 1.32 
X3 6.56 6642.00 292.60 16.15 22.03 592.60 1.69 20.80 87.77 403.60 25.27 36.68 2.16 17.68 
sX3 0.22 76.11 5.25 0.34 0.28 6.68 0.05 0.37 1.13 4.30 0.87 1.01 0.28 0.35 
X4 6.28 6974.00 338.50 12.82 20.80 569.40 1.53 14.29 188.20 472.60 24.77 61.52 2.95 24.24 
sX4 0.23 59.29 2.79 0.25 0.18 6.41 0.04 0.10 2.38 2.27 0.75 0.99 0.19 0.19 
X5 2.79 3447.00 405.20 15.06 30.32 839.50 2.69 16.68 372.80 682.40 31.81 60.20 3.38 55.84 
sX5 0.10 781.30 10.43 0.33 0.63 25.43 0.01 0.45 11.42 19.82 1.03 2.77 0.20 1.63 
X6 2.58 7070.00 396.60 16.86 24.27 683.40 1.63 21.61 132.70 900.20 25.53 37.12 9.31 32.45 
sX6 0.05 178.60 12.39 0.45 0.83 27.33 0.14 0.75 4.25 31.50 0.95 1.56 0.65 0.79 
X7 6.38 3831.00 396.40 13.98 24.64 1239.00 1.73 17.54 175.40 927.30 27.05 65.40 4.06 41.12 
sX7 0.27 565.10 2.12 0.13 0.18 6.28 0.06 0.32 0.55 8.91 0.38 0.59 0.60 0.31 
X8 4.14 5869.00 481.30 12.43 29.99 1772.00 2.19 15.31 663.00 5050.00 24.10 43.46 4.35 70.68 
sX8 0.27 179.60 12.42 0.50 1.16 53.31 0.09 0.61 20.22 166.90 1.11 2.61 0.34 2.69 
X9 1.99 711.60 311.60 14.38 24.68 734.90 1.21 18.34 81.53 473.60 26.90 16.24 3.83 35.63 
sX9 0.12 143.40 13.54 0.81 1.03 28.29 0.08 0.22 2.51 17.92 3.31 1.98 0.05 1.24 
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Tab. 4. 
Comparison of minerals means concentration from yogurt samples.  
Levels not connected by same letter are significantly different (α = 0.05) 
 
There were not found in the national legislation maximum limits allowed for specific 
mineral in yogurt therefore, for potentially toxic elements, the values obtained were compared to 
MAL of metals in whole milk. 
The X1 yogurt type contains the highest Cd, Sr, Se, Co and Mg total concentration and 
the lowest Cu, Fe and Cr concentration without exceeding maximum accepted limits. The X2 
yoghurt sample contained the highest concentrations of total Pb, Al, Cu and Li and the lowest 
total Mn concentrations not exceeding the maximum allowed levels. The X6 yogurt sample had 
the highest the total concentration of Cr and Ni. Also, the X6 yogurt sample contained the highest 
Fe and Zn concentrations and the lowest Se total concentration.  
Yogurt is two to four times richer in nutrients than milk (Tab. 1 and 3). There are significant 
differences between yogurt types. Some elements determined in yogurt samples, considered toxic in 
high concentrations, registered levels below the maximum concentration allowed by law: Cu 
levels varied between 0.075 and 1.72 ppm (MAL = 3 ppm in whole milk), Cd between 0.0022 
and 0.014 ppm (MAL = 0.026 ppm in whole milk), Zn between 5.05 and 0.403 ppm (MAL = 25 
ppm in whole milk), between 0,017-0,096 ppm Pb (MAL = 0.05 ppm in whole milk). 
 
CONCLUSIONS 
 
The milk types which are the richest in total Mg are the L16 (5326 ppb) and L3 (4804 ppb) and 
the X1 (7556 ppb), X6 (7070 ppb) and X4 (6974 ppb) yogurt types, which are followed by L21 (4506 
ppb), L2 (4317 ppb), L19 (4292 ppb), L12 (4266 ppb) milk types and X3 and X8 yogurt sample.   
In this study, in milk samples, the maximum level of Cd was 34.22 ppb, and the Pb level 
was 146 ppb.  
 Maximum level of selenium in milk samples was 9.426 ppb, and the minimum level of 
selenium was 4.580 ppb, which are much lower than estimated worldwide average concentration 
of selenium in milk of 14.80 ppm. 
Some elements determined in yogurt samples, considered toxic in high concentrations, 
registered levels below the maximum concentration allowed by law. 
Yogurt 
type Li Mg Al Cr Mn Fe Co Ni Cu Zn Se Sr Cd Pb 
X1 A A B F C F B E F B A A A D 
X2 A C A E D A D G A D E C C D B A 
X3 B AB E AB C E DE A F E C D E G 
X4 B A D DE C E E FG D E C B DE F 
X5 D D C BC A C A D C D AB B CD C 
X6 DE A C A B D E A E C C CD B E 
X7 B D C CD B B DE BC D C BC B CD D 
X8 C BC B E A A C EF B A C C C B 
X9 E E DE C B D F B F E CB E CD E 
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The highest Cd, Sr, Se, Co and Mg total concentration and the lowest Cu, Fe and Cr 
concentration were registered in the X1 yogurt type, but without exceeding maximum accepted 
limits.  
The highest concentrations of total Pb, Al, Cu and Li and the lowest total Mn 
concentrations, not exceeding the maximum allowed levels, were registered in the X2 yoghurt 
sample. 
The highest the total concentration of Cr, Ni, Fe and Zn concentrations and the lowest Se 
total concentration were registered in the X6 yogurt sample. 
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